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(57) Abstract: This invention demonstrates good hermetic 
seals and mediod for making ±em. The quality of the hermetic 
seal is such that the penetration rate is equal to or less than 
2 X 10-" to 2 X 10"^® cc per second of heiitun atom at STP. 

Ni-titatium conical braze preforms or sputtered on or CVD or 
other deposition methods are used to prepare the surfaces or 
provide a braze preform for the surfaces to be bonded. Heating 
at about 1020 ""C and pressure application of about 200 PSI 
applied together result in a good hermetic seal. 
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GOOD HERMETIC SEALS AND METHOD FOR MAKING THEM 



BACKGROUND OF THE INVENTION 

Technical Field of the Invention 

5 This invention relates to the fields of subminiature hermetic seals, 

sputtering, custom alloy fomiation, vapor deposition, ion implantation, 
pressure and temperature seal formation with a brazing substance. 

The Prior Art 

Prior art teaches that normally the vertical thickness of a cylindrical 

10 geometry compression hemrjetic seal must be at least 50 mils (about 1mm) to 

guarantee no leaking. (One mil is O.OOl inches or 0.0254 mm). Generally, this is 
necessary to keep an imperfection on the cylindrical surfaces where the feed- 
through wire and its containing jacket meet providing a leak pathway, 
particularly when quantities of the seals are being made. 

15 A typical prior art example consists in heating up a green ceramic and 

letting it shrink around the wire. If the length of the seal is not thick enough, 
imperfections in the smoothness of the wire or the surrounding ceramic will 
allow unwanted penetration of the seal. 

To achieve a better seal, an appropriate braze could be used, one that bonds 

20 with the metal and with the ceramic. Consider where a smaller plate on top 

covers the bottom plate. The bottom plate has a small hole through it, the hole to 
be sealed. Brazing material is placed on the top surface of the bottom plate 
around rim of the hole, and the top plate sits on that. Pressure can be applied by 
placing weights on the top plate, and the braze material can be heated up. The 

25 result would be a reasonable hermetic seal. However, the whole joined structure 
is the thickness of the bottom plate plus the thickness of the top plate. This is too 
thick for many important applications, and any thinning would require complex, 
expensive milling, and still would leave a bulge at the sealing structure. The 
invention herein discloses how to overcome these problems. 
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SUMMARY OF THE INVENTION 

There is a long felt need for a high quality subminiature hermetic seal that 
is strong, thin and corrosion resistant. One quality of a hermetic seal is defmed by 
the rate at which helium atom will penetrate the seaK at standard temperature and 
5 pressure (STP), A high quality seal might be one that has a penetration rate equal 
to or less than 2x10''^ to 2 x 10 * cc per second of He atoms at STP. The 
current invention, hermetic seal, and method for making said seal, can also work 
above and below the leakage rates just cited. 

This need has been long felt in the area of life-saving and medically 
10 therapeutic devices, which are implanted inside living tissue. Previously, 
implanted devices, which contained, for example, CMOS integrated circuits, 
were extremely vulnerable to small amounts of water. A small amount of water 
which leaked into a sealed container enclosing the CMOS chip would short 
circuit the chip and effectively destroy the function of the implanted device. 
1 5 The long felt need for high quality hermetic seals also encompasses an hermetic 

seal which is thin and strong, so that devices utilizing them as a component, can be 
made as small as possible for implantation in living tissue. Also there are other uses, 
which requires a high quality hermetic seal that is thin and strong, such as underwater 
emplacement. Also, there is an ongoing need to have a high quality hermetic seal 
20 provide for an electrical coimection from one side of a sealed barrier to the other. An 
aspect of this invention satisfies this need. 

A coaxial compression seal, when made very thin in the direction of the leads 
will eventually leak if the finish on the lead or the compression insulator has a slight 
imperfection that traverses the sealed zone. 
25 A braze could solve this problem because the braze can flow and fill-in the 

imperfection and be. absorbed into the metal and into the ceramic. However, a 
brazed seal for the coaxial compression design doesn't provide the necessary 
pressure perpendicular to the direction of the leads and thus it caxmot be made 
hermetic when using those non-corrosive brazes that require both heat and 
30 pressure to make the seal. 

Most high temperature brazing, such as a ceramic with a strong oxidizable 
metal, which match the coeflicient of expansion of ceramic, require a braze that 
matches said coefficient of expansion and require, for said braze, pressure of the 
order of over one hundred PSI. Aluminum oxide and zirconium oxide are 
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examples of such ceramics. Examples of strongly oxidtzable metals include 
tantalum, titanium, niobium, and alloys of said metals. 

An aspect of this invention shows both a method for making the hemietic 
seal, and the hermetic seal itself, that permits a high temperature braze to be 
S applied with sufficient pressure to give a non-corrosive, high quality hermetic 
seal, thin and strong. 

An aspect of this invention shows how to make a single layer thickness seal 
in which simple gravity can be used to apply the pressure during the heating of 
the braze. This invention shows a cone design followed by the thin fihfn 
10 deposition of braze, or conical braze *Svashers", and surface machining of the 
cone and/or the mating surface to bring about a uniform "thin'* thickness. 

Prior art teaches a thickness of the hermetic seal of one mm or more, in the 
direction of the ''cylindrical axis" compression type seals, above. Prior art teaches 
a brazing substance may be used. Advantageously, however, the current 
15 invention teaches, for ceramic types and for metal types suitable for implantation 
in living tissue, sufficient pressure as well as the necessary heat must be applied 
to achieve a good hermetic seal. 

BRIEF DESCIPTION OF THE DRAWINGS 
20 The above and other features and advantages of the invention will be more 

apparent from the following detailed description wherein: 

Figure la shows the relationship of the slant height of the seal, the angle, 
and the thickness of the material in which the good hermetic seal is embedded. 
Figure lb shows a cutaway view of one of the hermetic seals for a conical 
25 structure (tnmcated cone). 

Figure 2 shows hermetic seals for three objects and with the potential of 
different brazing materials on adjoining surfaces. 

Figure 3 shows a more complex assembly with objects to be joined with 
high quality hermetic seals, thin and strong. 
30 Figure 4 shows object, which is subjected to a downward force and 

supplies a pressure (force/area), at the joining surface. 

Figure S shows the laminated nickel-titanium braze preform conical washer. 
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Figure 6 shows a sputtering chamber setup with two sputtering sources and an 
electromagnetic method of holding down and shielding small objects which are to be 
coated with a braze material. 

5 DESCRIPTION OF PREFERRED EMBODIMENTS 

The invention describes a method for forming non-corrosive, high quality 
hermetic seals, both thin and strong, and said seals, themselves, which are 
hermetic in the presence of imperfections in the mating surfaces. Another aspect 
of the invention disclosed here is a method for precisely depositing a very thin 

10 layer brazing material with a controlled composition on very small parts for these 
hermetic seals. 

An aspect of the current invention shows high quality hermetic seals that 
may be thin and a method to make said seals. As mentioned in the prior art, a 
typical thickness of a viable hermetic seal has been around SO to 100 mils (1.27 
15 to 2.54 nrni). 

One aspect of this invention is that conical objects are sealed when they 
have a seal along a slant length from 5 to 15 mils, more preferably about 10 mils. 
Therefore, in the current invention, as shown in Fig la, when the slant length (s) 
of the conical object (91) equal to about 10 mils, there is a reliable hermetic seal. 
20 From this, one aspect of this invention, shows that, depending upon the angle of 
the conical object, the thickness of overall seal (th), (94) is less than 10 mils and 
if, for example, s = 10 mils for the next examples, then for 9 = 30^, th == 8.7 mils; 
for e = 45°, th = 7. 1 mils; and for 8 = 60°, th = 5.0 mils. 

Fig. lb shows a cutaway view of one of the hermetic seals. A conical 
25 structure (truncated cone), (2), and rests in a complementary shaped mating 
structure (1). Two wires (3) are welded on either seal side to the metallic 
truncated cone. Welded attachments are shown at (12). 

Brazing material is shown (4). This brazing material may be a conical 
**washer" of a material as a laminated layers of titanium (Ti) and nickel (Ni) or it 
30 may be applied by sputtering or vapor deposition, or, of a titanium and nickel 
The method and seal shown uses pressure and temperature and a conical 
type of metal washer (4), that is, a braze preform, such as I part nickel to 1 part 
titanium, by weight, or, as shown in Fig. 5., a laminate with 1 part (by volume) of 
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nickel, (13), to 4 parts of (by volume) titanium, (14), to 1 part (by volume) of 
nickel (13). Under the heat from 1000 to 1 100 ^C, more preferably 1020^C, 
and the pressure in excess of 100 Ibs/sq. in., more preferably 200 Ibs/sq. in., the 
conical titanium-nickel braze preform bonds the ceramic to the metal. The 
5 constraining factors are how to keep the hermetic seal thickness small while 
forming a very strong seal. A very strong seal is defined such that the objects 
(1) and/or (2) of Fig. lb will have an equal or greater likelihood of breaking than 
the seals between (1) and (2) as can be seen in Fig. 2. A high quality hermetic 
seal is defined by allowing at most 2x10"'* cc of helium atom per second 

10 passing through the seal. Said hermetic seals of this invention have been 

measured to meet this definition of high quality and high strength, although said 
seals may operate above and below this penetration rate. 

The solution is achieved by utilizing complementary beveled surfaces, 
which fit together, on the objects to be joined. As shown in Fig. 4, the forcing 

15 together of the truncated cone-like structure (2) and its complementary spatially 
shaped area of contact structure (1) gives rise to resultant forces. 

Fig. 4 shows object (2), which is subjected to a downward force (9) and 
supplies a pressure (force/area) (10) at the joining surface. The angle 0 is shown 
at (1 1). This angle determines the non-frictional, non-viscous component which 

20 (10) sees of (9). 

Various weights at (9) are required to produce the required 250 lb./sq. in at 
(10). These weights are derived from the double of the non-fiictional calculation, 
viz.: Weight required at (9) = [250 lb./sq. in] x [Area at (10)] x [sin 8], 
For example, for a slant distance of 0.01036 inches, with the top area of the 

25 conical body having a Radius of 0.096 inches and a bottom area having a radius 
of 0.0038 inches, leads to a required weight sitting on top of 0.122 lbs, where 8 is 
34 ^ 

As shown in Fig. 2, and Fig .3, and Fig. 1, pressure is applied, as in Fig. 4, 
but also heating is applied. The heat acts to melt the brazing material, which can 
30 be placed prior to the assembly of the feed-through device, objects (1 ), (2). This 
brazing material is shown as (4), (5). These brazing materials may be the same 
on each surface to be brazed, or, some of them on the different surfaces may be 
different. 
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A particular temperature and pressure are useful with brazing substance, 
denoted here as BR I, as shown in Figs. ( 1 ), (2), and (3). Brazing substance BRl , 
a laminate or alloy of Ni (one part by weight) and Ti (one part by weight), which 
may be (4) and (6), works with a ceramic and a metal at temperature 990 to 1080 

5 ^ C, preferably 1 020 ^ C and a pressure of 1 70 to 290 PSl, preferably 200 PSI. At 
a temperature within the cited range, including 10200 C, and when a pressure 
within the cited range, including 200 PSI, is applied, brazing substances (4) and 
(5) tend to melt and interfuse (i.e. inter-diffuse) with the ceramic and/or metal 
interface(s). The effect of the ^Vertically applied" pressure. Fig 4, (9), on the 

10 truncated conical object (2) and its complementary mate ( 1 ) is such that the 

horizontal resultant forces cause an a mutual pressure on the joining surface, such 
that the brazing material, or (4) and (5), or (6) and (7) if they differ, tend to fonn 
a bond under that pressure and temperatiire so as to effectively and efficiently 
bond said object (1) and said (2) together i;; a high quality hermetic seal. A high- 

15 quality hermetic seal is formed at the contacting surfaces of objects (1 ) and (2), as 
in Fig. 1 

Fig. 2 shows what is seen in Fig. 1 , without the wires and solder-like 
attachments, but with the addition of a different type or different composition of 
brazing material (S) applied to the **anti-conical surface. 

20 An addition solid object is present (8), which is shown here as cylindrical 
surface of revolution. Two different brazing materials (6), (7), are shown at the 
joining surface of object (1) and object (8). 

Fig. 3 shows a more complex assembly with objects (1), (2), and (8), to be 
joined with high quality hennetic seals, thin and strong. Three objects of conical 

25 shape are shown (2). The brazing material is shown as three separate conical 
*Vashers". Note that object (1) has three "anti-comcal" holes to receive the 
conical objects (2). Object (1) is joined to (8) using a large conical brazing 
"washer* \ The assembly on (1) and (1) siis down into (8) in its own large *'anii- 
conical" mating surface. As shown in Fig. 5., the conical brazing prefonm washer 

30 is a laminate with 1 part (by volume) of nickel, (13), to 4 parts of (by volume) 
titanium, (14), to 1 part (by volume) of nickel (13). Under the heat from 1000 
to 1 100 ^C, more preferably 1020^C, and the pressure in excess of 100 Ibs/sq. in., 
more preferably 200 lb./sq. in., the conical titanium-nickel braze preforms bond 
the ceramic to the metal. 
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As discussed above, a typical application in the formation of a high quality 
hermetic seal, both thin and strong, often requires the placement of a bonding 
material on a conical or other shaped surface of small dimensions. 

By sputtering or by chemical vapor deposition or by physical vapor 

5 deposition or by ion deposition, a layer of bonding or brazing material is placed 
or deposited on the required surface. 

Typically, replacing conical washer type of brazing material such as a 
laminated nickel-titanium mixture, varying amounts of titanium and nickel can be 
sputtered onto the conical surfaces and/or the corresponding mating surfaces, of 

10 shape which will match the conical surface (**anti-conical"). The amounts by 
weight can correspond to 50%Ti and 50% Ni. The Ti {Fig 6., 66)} and Ni (67) 
can be deposited in alternating order {Fig. 6, (66), (67)} in small amounts, so as 
to form a more alloy-like composition before the application of heat and pressure 
(1020 and 200 PSI, respectively). For example, a layer of Ni 1000 A thick. 

15 may be deposited* then a layer of Ti 4000 A thick may be deposited, then a layer 
of Ni 1000 A, and so forth. Thus, a braze coating of Ni (50%) and Ti (50%) may 
be achieved which also has the two metals more nearly mixed before heat and 
pressiu'e are applied. The thickness of each layer may range down to a few 
Angstroms. The relative percentage of the bonding material composition can be 

20 varied during the sputtering process so a composition of 54% Ni and 46% Ti (by 
weight), for example, can be achieved. 

The use of the sputtering approach (i.e. selective deposition) allows for 
ease of manufacture because small conical brazing 'Svashers*' do not have to be 
individually placed on each small conical or anti-conical part. Rather, say, 1000 

25 or so small parts may be placed, in a chamber (Fig. 6, 6 1 ), say, so as to receive 
sputtering (selective deposition). Those areas of the small parts (62) not to 
receive-the brazing substance may be covered with a material (63) that is 
sufficiently responsive to a magnetic field from an electromagnet (64). Thus, 
when a local magnetic field is turned on (65), those magnetically active covering 

30 materials (63) will shield those areas of the small parts (62) which are not to 
receive the sputtered (66), (67), or otherwise deposited, brazing material. 
Simultaneously, those magnetically active covering materials (63) contribute 
toward locking those small parts (62) in place by being pulled downward toward 
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the local magnetic field. This pull supplements along the normal gravitation field 
in keepmg said small objects in place. 

In addition to the sputtering method and resultant sputtered brazing 
material, additional methods and resultant brazing surfaces include chemical and 
5 physical vapor deposition and ion implantation. Consequently, extremely small 
parts can be coated with an appropriate brazing material. 

It is understood that the invention is to be limited only by the scope of the 
appended claims: 
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What is claimed is: 

I . A m^hod of foiming a hi^y effective hermetic seal between a plurality of 
5 objects comprising the steps of: 

a. coating joining surface with a bonding material on the joining surface of 
object (1) or of object (2), or on both, or between the joining surfaces of said 
objects (1) and (2), or, on said both surfaces and between said joining surfaces; 

b. Bringing together said plurality of objects wherein the first of said 
10 objects has that part of itself; 

c. contacting the second of said objects at an angle 6 and wherein the 
corresponding part of said second object has that part of itself which contacts said 
first object at an angle \\f such that v = 1 80** - 9, where said angles 9 and i}/ are 
given in degrees, and said angle 9 is greater than 0.001 degrees and less than 

15 89.999 degrees; 

d. bringing the plurality of said objects together with pressure applied to 
said objects and said pressure is applied to objects (1) and (2) so as to force 
together the joining surfaces, said pressure being applied to the top and bottom of 
the loose assembly (1) and (2); 

20 e. heating said objects (1 ) and (2) and heating said bonding material while 

pressure is being applied. 

2. The method as in claim 1 fiirther comprising the step of utilizing a 
brazing material comprising a metal conical washer consisting mainly of Nickel 

25 and Titanium, each in a ratio of (100% - x%) of Ni by weigiht, to, x% of Ti by 
weight, where 1% < x < 99%. 

3. The method as in claim 1 further comprising the step of utilizing a 
brazing material comprising a metal conical washer consisting mainly of Nickel 

30 and Titanium, each in a ratio of one part Ni to one part Ti, by weight. 
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4. The method as in claim 1 further comprising the step of using a 
sputtered brazing material that is used instead of, or together with, the conical 
washer. 

5 S. The method as in claim 4 further comprising the step of sputtering-on a 

brazing material which has the ability to facilitate the bonding of ceramic and 
metal under elevated temperatures and pressures so as to form a good hermetic 
seal. 

10 6. The method as in claim 4 further comprising the step of alternating the 

sputtering-on, in small amounts, of two materials which comprise the brazing 
material, for example Ti and Ni. 

7. The method as in claim 4 further comprising the steps of 
15 a. covering the areas of the parts, which are not to receive the brazing 

substance with magnetically active material; 

b. turning on a local magnetic field that acts to hold down the parts being 
brazed. 

20 8. The method as in claim 4 further comprising the step of utilizing a 

brazing material comprising a metal mixture consisting mainly of Nickel and 
Titanium, each in a ratio of (100% - x%) of Ni by weight, to, x% of Ti by weight, 
where l%<x< 99%. 

25 9. The method as in claim 4 further comprising the step of using a mixture of 

50% by wei^t Ti and of 50% by weight Ni as the mixture/alloy to be sputtered. 

10. The method as in claim 1 further comprising the step of vapor 
depositing said brazing material onto the joining surface or the plurality of 

30 joining surfaces that is used instead of, or together with, the conical washer. 

1 1. The method as in claim 10 further comprising the steps of: 
a. applying elevated temperature and; 
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b. applying elevated pressure 
so as to facilitate the bonding of ceramic and metal under elevated temperatures 
and pressures so as to form a good hermetic seal. 

5 12. The method as in claim 10 further comprising the step of alternating the 

vapor deposition, in small amounts, of two materials which comprise the brazing 
material, for example Ti and Ni. 

13. The method as in claim 10 further comprising the step of utilizing a 
10 metal consisting mainly of Nickel and Titanium, each in a ratio of (100% - x%) 

of Ni by weight, to, x% of Ti by weight, where 1% < x < 99%. 

14. The method as in claim 10 further comprising the step of using a mixture of 
50% by weight of Ti and of 50% by weight of Ni as the mixture/alloy for vapor 

15 deposition. 



20 



15. The method as in claim 1 further comprising the step of ion implanting 
brazing material onto the joining surface or the plurality of joining siufaces that is 
used instead of as well as together with the conical washer. 



16. The method as in claim 1 5 further 
comprising the steps of: 

a. applying elevated temperature and; 

b. applying elevated pressure 

25 so as to facilitate the bonding of ceramic and metal under elevated temperatures 
and pressures so as to form a good hemfietic seal. 

1 7. The method as in claim 1 5 further comprising the step of alternating 
the ion implantation, in small amounts, of two materials which comprise the 

30 brazing material, for example Ti and Ni. 
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i 8. The method as in claim 1 S further comprising the step of utilizing a 
brazing material consisting mainly of Nickel and Titanium, each in a ratio of 
(100% - x%) of Ni by weight, to, x% of Ti by weight, where 1% < x < 99%. 

5 1 9: The method as in claim 1 S further comprising the step of using a mixture of 

50% by weight Ti and of 50% by weight Ni as the mixture/alloy for ion implantation. 

20. The method as in claim 4 further comprising the steps of: 

a. covering the areas of the parts which are not to receive the brazing 
10 substance 

with magnetically active material; 

b. turning on a local magnetic field that acts to hold down the parts being 
brazed. 

15 21. The method as in claim 1, or claim 5, or claim 11, or claim 16 further 
comprising the steps of milling one side, and the other side, if required, of a 
joined structure comprising said conical and said mating object, wherein a 
controlled thinness of the joined structure is achieved. 

20 22. The brazed surface which results from the ^plication of the brazing 

material as in claim 4 or as in claim 10 or as in claim 15. 

23. A highly effective hermetic seal comprising two surfaces joined 
together by a brazing compound wherein heat and pressure were applied to the 
25 brazing material and the two mated surface, further comprising a metal surface, a 
ceramic surface and a brazing substance consisting mainly of Ni and Ti, in a ratio 
of (100% - x%): x% respectively, by weight, where x may range from 1% to 
99%. 

30 24. The highly effective henmetic seal ofclaim 22, wherein one of the 

surfaces joined is conical and the cone angle, from the vertex, or, for a truncated 
cone, that cone angle which would exist, if the truncated cone were extended, is 
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e, where O.OOP < 9 < 89.999® and further comprising the other surface to which 
the conical surface joins, forms a mating surface which has a corresponding angle 
ofv|/= 180^-G. 

5 25. The highly effective hennetic seal of claim 23 wherein the brazing 

material is originally a conical washer before heat and pressure are applied. 

26. The highly effective hermetic seal of claim 23 wherein the brazing 
material is originally sputtered on before heat and pressure are applied. 

10 

27. The highly effective hermetic seal of claim 23 wherein the brazing 
material is originally vapor deposited before heat and pressure are applied. 

28. The highly effective hermetic seal of claim 23 wherein the brazing 
15 material is originally ion deposited. 

29. The highly effective hermetic seal as in claim 24, or as in claim 25, or 
as in claim 26, wherein the brazing material comprised alternating thin layers of 
two materials which comprise the brazing material, for example Ti and Ni before 

20 the application of heat and temperature. 

30. The highly effective hermetic seal as in claim 24, as in claim 25, or as 
in claim 26, wherein said brazing material consists mainly of Nickel and 
Titanium, each in a ratio of (100% - x%) of Ni by weight, to, x% of Ti by weight, 

25 where 1 % < x% < 99%. 

31. The highly effective herairtic seal as in claim 24, or as in claim 25, or as in 
claim 26, whoein said brazing material consists mainly of a mixture of 50% by 
weight Ti and of 50% by weight 

30 32. The manufacturing jig comprising a holding surface for the small parts to be 
brazed, one or more brazing ^paratus, magnetically active covering material,e.g. 
iron, steel,), local field producing electromagnet(s), with switching mechanism(s) 
to turn it (them) on and off. 
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AMENDED CLAIMS 
[received by the International Bureau on 20 February 2001 (20.02.01); 
original claims 1-32 replaced by amended claims N32 (5 pages)] 



1 . A method of forming a highly effective hermetic seal between a plurality of 
objects comprising the steps: 

a. coating a joining surface with a bonding material on the joining surface 
10 of object (1) or of object (2), or on both, or between the joining surfaces of said objects (1) 

and (2), or, on said both surfaces and between said joining surfaces; 

b. bringing together said plurality of objects wherein the first of said 
objects has that part of itself; 

c. contacting the second of said objects at an angle 6 and wherein the 

1 5 corresponding part of said second object has that part of itself which contacts said first 
object at an angle vj/ such that v)/ = 180° - 9, where said angles 6 and v|/ are given in 
degrees, and said angle 0 is greater than 0.001 degrees and less than 89.999 degrees; 

d. bringing the plurality of said objects together with pressure applied 
to said objects and said pressure is applied to objects (1) and (2) so as to force together 

20 the joining surfaces, said pressure being applied to the top and bottom of the loose 
assembly (1) and (2); and 

e. heating said objects (1) and (2) and heating said bonding material 
while pressure is being applied. 

25 2. The method as in claim 1 further comprising the step of utilizing a brazing 

material comprising a metal conical washer consisting mainly of Ni and Ti, each in a ratio 
of (100% - x%) of Ni by weight, to x% of Ti by weight, where 1% < x < 99%. 

3. The method as in claim 1 fiuther comprising the step of utilizing a brazing 
30 material comprising a metal conical washer consisting mainly of Ni and Ti, each in a ratio 
of one part Ni to one part Ti, by weight. 
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5 4. The method as in claim I further comprising the step of using a 

sputtered brazing material that is used instead of, or together with, the conical washer. 

5. The method as in claim 4 further comprising the step of sputtering-on a 
brazing material which has the ability to facilitate the bonding of ceramic and metal 

1 0 under elevated temperatures and pressures so as to form a good hermetic seal. 

6. The method as in claim 4 further comprising the step of alternating the 
sputtering-on, in small amounts, of two materials which comprise the brazing material, 
for example Ti and Ni. 

15 

7. The method as m claim 4 further comprising the steps of: 

a. covering the areas of the parts which are not to receive the brazing 
substance with magnetically active material; and 

b. turning on a local magnetic field that acts to hold down the parts 

20 being brazed. 

8. The method as in claim 4 further comprising the step of utilizing a brazing 
material comprising a metal mixture consisting mainly of Ni and Ti, each in a ratio of 
(100% - x%) of Ni by weight, to x% of Ti by weight, where 1 % < x < 99%. 

25 

9. The method as in claim 4 further comprising tiie step of using a mixture of 
50% by weight Ti and of 50% by weight Ni as the mixture/aUoy to be sputtered. 

10. The method as in claim 1 further comprising the step of vapor 

30 depositing said brazing material onto the joining surface or the plurality of joining 
surfaces that is used instead of, or together with, die conical washer. 

11. The method as in claim 1 0 further comprising tiie steps of: 
a. applying an elevated temperature and 
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5 b. applying elevated pressure so as to facilitate the bonding of ceramic 

and metal under elevated temperatures and pressures so as to form a good hermetic 
seal 

1 2. The method as in claim 1 0 further comprising the step of 
alternating the vapor deposition, in small amounts, of two materials which comprise 
10 the brazing material, for example Ti and Ni. 

13. The method as in claim 1 0 further comprising the step of utilizing a metal 
consisting mainly of Ni and Ti, each in a ratio of (1 00% - x%) of Ni by weight, to, x% of Ti 
by weight, where 1 % < x < 99%. 

15 

14. The method as in claim 1 0 further comprising the step of using a 
mixture of 50% by weight Ti and of 50% by weight Ni as the mixture/alloy for vapor 
deposition. 

20 15. The method as in claim 1 further comprising the step of ion implanting 

brazing material onto the joining surface or the plurality of joining surfaces that is used 
instead of as well as together with the conical washer. 

16. The method as in claim 1 5 further comprising the steps of: 
25 a applying elevated temperature; and 

b. applying elevated pressure so as to facilitate the bonding of ceramic and 
metal under elevated temperatures and pressures so as to form a good hermetic seal. 

1 7. The method as in claim 1 5 further comprising the step of alternating the ion 
30 implantation, in small amounts, of two materials which comprise the brazing material, for 
example Ti and Ni. 
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5 18. The method as in claim 1 5 further comprising the step of utilizing a 

brazing material consisting mainly of Ni and Ti, each in a ratio of (100% - x%) of Ni 
by weight, to x% of Ti by weight, where 1% < x < 99%. 

1 9. The method as in claim 1 5 further comprising the step of using a mixture of 
1 0 50% by weight Ti and of 50% by weight Ni as the mbcture/alloy for ion implantation, 

20. The method as in claim 4 further comprising the steps of: 

a covering the areas of the parts which are not to receive the brazing 
substance with magnetically active material; and 
1 5 b. turning on a local magnetic field that acts to hold down the parts 

being brazed. 

21. The method as in claim 1, or claim 5, or claim 11, or claim 16 further 
comprising the steps of milling one side, and the other side, if required, of a joined structure 

20 comprising said conical and said mating object, wherein a controlled thinness of the joined 
structure is achieved. 

22. The brazed surface which results from the application of the brazing 
material as in claim 4 or as in claim 10 or as in claim 15. 

25 

23. A highly effective hermetic seal comprising two surfaces joined 
together by a brazing compound wherein heat and pressure were applied to the brazing 
material and the two mated surface, further comprising a metal surface, a ceramic 
surface and a brazing substance consisting mainly of Ni and Ti, in a ratio of (100% - 

30 x%): x% respectively, by weight, where x may range from 1% to 99%, 

24. The highly effective hermetic seal of claim 22, wherein one of the 
surfaces joined is conical and the cone angle, from the vertex, or, for a truncated cone, 
that cone angle which would exist, if the truncated cone were extended, is 
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5 e, where 0.001 ° < 9 < 89.999° and further comprising the other surface to 

which the conical surface is joins, forms a mating surface which has a corresponding 
angle ofv|/ = 180° -0, 

25. The highly effective hermetic seal of claim 23 wherein the brazing 
10 material is originally a conical washer before heat and pressure are applied. 

26. The highly effective hermetic seal of claim 23 wherein the brazing 
material is originally sputtered on before heat and pressure are applied, 

15 27. The highly effective hermetic seal of claim 23 wherein the brazing 

material is originally vapor deposited before heat and pressure are applied. 

28. The highly effective hermetic seal of claim 23 wherein the brazing 
material is originally ion deposited. 

20 

29. The highly effective hermetic seal as in claim 24, or as in claim 25, or 
as in claim 26, wherein the brazing material comprised alternating thin layers of two 
materials which comprise the brazing material, for example Ti and Ni before the 
application of heat and temperature. 

25 

30. The highly effective hermetic seal as in claim 24 , as in claim 25, or as 
in claim 26, wherein said brazing material consists mainly of Ni and Ti, each in a ratio 
of (100% - x%) of Ni by weight, to x% of Ti by weight, where 1% < x% < 99%. 



3 1 . The highly eflFective hermetic seal as in claim 24, or as in claim 25, or as in 
claim 26, wherein said brazing material consists mainly of a mixture of 50% by weight Ti 
and of 50% by weight. 



32. The manufacturing jig comprising a holding surface for the small parts to be 
35 brazed, one or more brazing apparatus, magnetically active covering material, e.g., iron, 
steel), and local field producing electromagnet(s), with switching mechanism(s) to turn it 
(them) on and ofiF. 
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